This bibliographical review brings information about the productive chain of beans, an essential product in the Brazilian diet, but present in several countries of the world. Beans are a source of protein, fiber, minerals and vitamins, allowing for healthy eating for easy access. Being, Brazil is the third largest producer of beans in the world, losing only to Myanmar and India, also the main consumer of beans in the world, having to import part of the beans consumed in Argentina. Due to iss, the bean culture is a promising crop, since the supply does not meet the domestic demand, being necessary the application of technologies that improve the yield and facilitate the cultivation. One of the obstacles of the crop is the susceptibility of the deterioration of the grains to store them, because, these grains stored, the commercial value tends to fall due to loss of quality. The objective of the work was to raise information on the productive chain of the beans. Periodicals, books, and information literatures were explored. Therefore, in view of the above, it was observed that in Brazil, the crop still needs to stimulate cultivation to supply domestic demand, improve storage conditions, invest in genetic improvement to maintain grain quality, and the study is necessary of new alternatives of destination for the residues generated by the processing and beneficiation of grains.
has been gaining ground in recent years by producers of other social classes using new agricultural technologies (Yokoyama et al., 2001 ).
Bean is a legume for human consumption, therefore its acceptability is established by the quality of the grains, mainly by the color, which is associated to the cooking time of the grains (Shoeninger et al., 2012) . In this sense, harvesting is one of the most important stages in the production chain (Souza et al., 2010) , as the possibility of grain deterioration increases as harvest delay occurs after physiological maturation (Silva et al., 2009 ).
Grain storage is a process that deserves attention in the production chain, since storage time together with packaging and environmental conditions are the main causes of grain deterioration, especially in transparent grains whose damages are more apparent. Inappropriate conditions such as high temperature and humidity can cause the hard-to-cook effect, decreasing the commercial value of grains and acceptability by consumers. These grain yield processes generate waste, and these do not have adequate disposal, the review seeks to bring alternatives to their destination.
In view of this scenario, the present review aims to explain the current situation of the culture, raising information about the landscape that the culture is national and international, health benefits, harvesting, storage/processing, and explore alternatives for the destination of bean processing residues.
Material and Methods
For the present literature review, scientific articles, books, reports, dissertations, constitution and various materials dealing with aspects related to the bean production chain. Taking into account the scenario in which the crop is in the national and international scope regarding the export production and importation, health benefits linked to the consumption of this legume, harvesting to clarify the problems faced and how they are solved, storage/processing aiming the least loss of quality, as well as alternatives to the destination of bean processing residues that does not yet have its due destination.
International and National Bean Culture Panorama
Most of the world's production comes from only six countries: Myanmar, India, Brazil, China, Mexico and the United States, responsible for 61% of world production. Myanmar took the lead as a leader in world bean production in 2012, passing in front of Brazil and India (CONAB, 2017b , FAOSTAT, 2017 .With regard to Mercosul countries, Brazil stands out as the largest producer, with 3 million tons per year, with a 90% share, both in production and consumption. Argentina is the second largest producer of Mercosul, with 350 thousand tons, with an exportable balance of 180 thousand tons. The main classes of beans produced are, common black and common white. Around 90% of the production of white beans is destined for the European Union, with Spain being the largest consumer, followed by Portugal, Italy and France. Black common beans are destined for export in their totality, with Brazil and Venezuela being the main importers of this class (CONAB, 2017b) .
According to IBGE (2017) , Brazil presented an area of approximately 78 million hectares of beans in 2016, and by 2017 the area reached approximately 3.1 million hectares of cultivated area. The area referring to the first harvest was approximately 1.7 million, the second of 1.1 million and the third of 200 thousand hectares of area sown. The average yield of the bean crop reached 2500 kg ha -1 in the years 2016/2017 for the third harvest, while in the first and second crops, 900 kg ha -1 and 1000 kg ha The geographic distribution of the main bean producers in the country is relatively in several states, although the main ones are: Paraná, Minas Gerais, Mato Grosso, Goiás, Bahia and São Paulo, which currently produce 76.8% of the national production. Other states like Santa Catarina and Maranhão produce 23.2% of the national production. For the 2016/17 crop year, the national production was 3327 thousand tons, with 76.8% concentrated in six Brazilian states. In the state of Paraná, production was 790 thousand tons, responsible for 23.8% of production, Minas Gerais with 536 thousand tons in 16.1%, of production, Mato Grosso with 382 thousand tons in 11.5% of production, followed of Goiás with 292 thousand tons, Bahia with 288 thousand tons and São Paulo with 266 thousand tons (MAPA, 2017) .
concentrated in Rio Grande do Sul and Rio de Janeiro, with small portions in the state of Paraná and Santa Catarina (CONAB, 2017a).
The cost of beans production has been increasing gradually from 2010 to 2016 by at least 56.4%. The use of fertilizers stands out with approximately 18% representativeness in the average total cost of bean production, with a cost increase of 88.9%, on average, in the last 5 years. The agrotoxic is the second largest participant responsible for about 15% of the costs, had a price increase of approximately 58%. Then, the operations with machines with an average participation of around 14%, followed by seeds with a 10% participation in costs with an increase of expenses of 11% (CONAB, 2016) .
Although the bean culture has its importance in agriculture, there are large variations in the cultivated areas independent of the state of the country. This is due to the price fluctuations of the commercialized beans, causing the producer to choose to grow a more profitable crop in the face of the low commercial value in that crop (Yokoyama et al., 2001 ).
According to MAPA (2017) , the annual expected growth rate of production is -0.5 to 1.6% over the next 10 years. Already the annual growth rate for bean consumption is projected at -0.2% for the next decade. Knowing that the annual consumption has been about 3.0 million tons, needing to import 150 and 300 thousand tons per year, if the projections are confirmed there will be a need to import beans in the coming years.
Beans are a promising crop since the domestic production of the country is insufficient. Although Brazil is classified as the third largest producer of beans in the world, it depends on imports to supply domestic demand. Most of these imports come from Argentina, China and Bolivia, and almost all are from common black beans. The ideal would be to supply domestic consumption with increased production, which would consequently encourage employment generation and income growth (CONAB, 2017a).
Benefits of Bean for Health
Healthy food is considered an alternative for the prevention of chronic non-communicable diseases. The increase in fruit consumption vegetables and the stimulation of increased consumption of rice and beans are examples of adaptations in diets that are within reach of society as a whole. Healthy eating habits have great impact on the most important factors related to various diseases. Beans have high nutritive value, such as folic acid and iron, as well as fiber content (Sichieri et al., 2000; Luján et al., 2008) , and easy access to the general population.
Beans are an interesting nutritional composition because their consumption is linked to a decrease in blood glucose and blood pressure levels, contributing to a reduction in the number of chronic-degenerative diseases, cardiovascular diseases and diabetes (Schoeninger, 2012) . Luján et al. (2008) state that bean-based diets promote reduced levels of glucose, cholesterol and plasma triglycerides in relation to casein.
Carioca beans and white rice are the foods most consumed by the elderly in Brazil. This shows that the elderly population has preserved the food habit, being seen in a positive way in relation to the younger age group. In addition to be a typical dish from Brazil, there are studies that show that beans have beneficial properties against cancer (Freitas et al., 2011; Marchioni et al., 2007; Levy-Costa et al., 2005) . The combination of beans and rice becomes the perfect blend when taken into consideration that, the beans are low in sulfur amino acids, and rich in lysine; and rice is low in lysine and relatively rich in sulfur amino acids. Beans when combined with rice form a more nutritious protein mixture (Mesquita et al., 2007) .
Beans, despite having great health benefits, are losing their place to fast foods, due to the realization of women's space in the labor market. The time demanded at the time of preparation is inconvenient in the family routine, this makes the feeding of some age groups less healthy (Schoeninger, 2012) . The Brazilian Ministry of Health (Brasil, 2006) reported that in 1974, the share of rice and beans in relation to the total energy consumption of the diet corresponded to 42.1%, whereas in 2003 there was a decrease in consumption, and decreased to 38.7%.
Ingestion of rice and beans in Brazil is very common because it is a typical Brazilian food. While the former is rich in starch (carbohydrate), it also provides iron (Fe), vitamin B complex and other minerals; the second is rich in proteins, fibers, Fe and zinc (Zn), potassium (K) and other minerals. Beans are an iron-rich food, there are reports that humans can absorb on average 10% of Fe contained in food, however, when accompanied by a food rich in vitamin C, this absorption rises to 40%, so that usually the presence of the orange as an accompaniment to the feijoada (Vieira, 2015) .
Bean Culture
The genus Phaseolus belongs to the family Fabaceae, subfamily Papilionoideae and genus Phaseolus, containing approximately 55 species, being most cultivated: P. vulgaris L., P. lunatus L., P. coccineus L., P. acutifolius A. 
V3
First trifoliate leaf: opening of the first trifoliate leaf and the appearance of the second trifoliate leaf.
V4
Third trifoliate leaf: opening of the third trifoliate leaf, the buds and lower nodes produce branches.
R5
Prefloration: the first floral bud and the first cluster appears.
R6
Flowering: the first flower opens R7 Formation of pods: the first pod appears.
R8
Filling the pods: the filling of the first pod (seed growth) begins. At the end of this stage, the seeds lose their green color and begin to show the characteristics of the cultivar. Defoliation begins.
R9
Physiological maturation: The pods lose pigmentation and begin to dry. The seeds acquire the typical color of the cultivar.
Note. * Each stage begins when 50% of plants are defined as a description of the stage.
Source: Quintela (2001) .
The quality of the seed is essential to obtain a sowing with a homogeneous plant stand to obtain high yields (Mambrin et al., 2015) . The utilization rate of seed with quality certification is low, since most of the producers choose to use seeds from one year to another, a product saved from the previous harvest. Most producers do not have the habit of acquiring seeds every year, this is justified by the high cost of acquiring commercial seeds and lack of awareness, that sowing a seed of good sanitary and physiological quality, sowing is more homogeneous and consequently more assured (Yokoyama et al., 2001 ).
Only from 2016 will the producers' interest in certified seeds increase. If on the one hand the demand increased, on the other the supply in the market decreased, consequently, the use of grains for the planting grows. Although interest has increased, still 85% of the producers keep part of the production of the grains for the next harvest, as if it were a seed. Producers thus lose productivity and quality of final product (CONAB, 2017b).
Genetic Improvement of the Bean
Genetic improvement has sought plants with high production potential, resistance to diseases, plants with architecture that facilitates cultural treatment and mechanized harvesting. There is a preference for erect plants that have been one of the main requirements of both rural entrepreneurs and family farmers (Silva et al., 2009 ).
In addition, the genetic improvement cannot leave aside the production of quality seeds with characteristics desirable by the consumer, as to the shape, color and brightness, good culinary and nutritional characteristics such as ease of cooking, good palatability, soft tegument texture, the ability to produce light and dense broth after cooking, higher protein and mineral content (Mesquita et al., 2007) . In addition to good physiological and agronomic characteristics, a limiting factor for breeding is consumer demand, which delimits the priorities of the breeding program. Among the visual characteristics of grains, color has been highlighted by the highest requirements (Silva, 2012) .
One of the influence factors in the production is the climatic conditions, and the availability of water in the soil is essential for bean production, since it is a limiting factor, since the plants are sensitive to water stress during the critical phases: germination, flowering and grain filling (Soratto et al., 2003) .
Bean is considered a crop with little tolerance to water stresses, since about 60% of world production is subject to this factor, with drought being the second largest reducer of productivity, which is overcome only by the occurrence of diseases (Aguiar et al., 2008) .
The temperature of the air is one of the most important and determinant elements of its exploitation in several regions, since this culture is cultivated at temperatures between 10 and 35 °C. The temperature is a factor that affects not only the phytomass accumulation but also the duration of the phenological stages of development of the species, and to complete each subperiod of development the plant needs a certain thermal accumulation (Mariot, 1989) . One of the main obstacles of the commercialization culture is the fact that the largest production is from the Rio group, being of high deterioration, the group is the national preference group, but of limited acceptance in other countries. Therefore, when there is a crop failure, the product becomes scarce, raising the cost, since there is no alternative for import, and when there is a production surplus, there is no way to transfer jas.ccsenet.org
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Bean cultivation, despite being much cultivated for subsistence in small farms and in family agriculture, is also cultivated by large landowners increasingly in need of technology and innovation, in this context mechanized harvesting is already a more than necessary operation (Mata, 2015) .
To enable mechanization of the harvest, with low potential for grain losses, it is necessary the development of bean plants with size and erect, good height of pod insertion, uniformity of maturation and resistance to lodging and dehiscence of the pods under conditions (Silva et al., 2009 ).
Mechanical Harvesting Linked to the Use of Desiccants
Harvesting is an important step in the bean production chain, among others, it deserves to be highlighted, due to the difficulties and high costs involved, whether it is done manually, mechanized or by the combination of both (Souza et al., 2006 (Souza et al., , 2010 .
The harvest that uses manual and mechanical processes or commonly known as semi-mechanized, consists in pulling the whole plants, when they reach their physiological maturation. At this stage the plants are devoid of leaves, and the seeds have low water content. After the starter, lees are formed that remain in the crop to complete the process of drying and natural homogenization and, finally, an operation in which a harvester, conventional or bean specific, collects the product and separates the seed from the rest of the plant (Souza et al., 2006) .
When comparing the semi-mechanized harvest with that of an automated harvester, the second one can cause more losses and damages to the grains, as well as soil contamination and, consequently, the producers become resistant to the harvesters. As it is a culture of ununiform physiological maturation, besides the damages caused to the grains, the plant needs desiccation with herbicides to force the loss of moisture, burdening even more cost (Silva et al., 2009 ).
The possibility of deterioration of the grains increases as the harvest delay occurs, due to this the use of desiccants is an alternative to promote the drying and fall of the leaves, and promotes the rapid reduction of water in the grains making possible the harvesting in the ideal period, close to physiological maturation. If on the one hand the use of desiccants speeds the drying of the product, depending on the way in which it is applied, type and mode of action, on the other, the practice of desiccation can compromise the quality of the seeds, leave residues accumulated in the composition of the product (Lacerda et al., 2005; Kappes et al., 2009 ).In the present study, it is possible to compare the results of the present study.
According to Gaultier and Gulden (2016) in a survey conducted in Canada and the USA between 60% and 85% of the cultivated bean areas are dried out. This shows that desiccation in bean culture is increasingly being spread in the agricultural sector. The objective of this practice is to liberate the area in advance for the crop in succession and to eliminate possible late infestations of weeds, mainly to reduce the water content of the grains, enabling harvesting in the physiological maturation (Santos et al., 2005; Pinto et al., 2014) .
When the bean seed is harvested with humidity above 18%, there is a risk of losses at the time of harvest due to the high humidity of the grain, but if it is very dry (humidity around 14%), the seed will be broken. The optimum would be to harvest at physiological maturation, requiring a rapid reduction of humidity at levels compatible with the operation, considering maintaining and preventing seed quality (Domingos et al., 1997) .
Storage and Processing
The grain of beans stored in silos or bags presents as a porous mass, consisting of grains and intergranular spaces (air).The oxygen contained in the intergranular spaces is used in the respiratory process of the seeds, accompanied by the wear of the nutritive substances. The temperature and humidity of the air are factors that influence the deterioration of the grains, since they are directly connected to the respiratory process. Therefore, if the humidity of the grains is between 11 and 13% the respiratory process is low and the maintenance of product quality is prolonged, however, the higher the humidity, the faster the breathing process is accelerated and consequently the deterioration occurs (Bragantini, 2005) .
Bean storage is a process that requires attention because the grain cells remain alive, therefore, their metabolic processes are active. During storage there are damages that can occur in grains, such as: cracking of the shell (integument), caused by a low humidity of the environment; occurrence of pests and fungi that contaminate the beans, rendering it unfit for human consumption; increase in cooking time/Hard to Cook effect (HTC), due to excessive hardening of the grain; decreased germination (Brackmann & Neuwald, 2002; Brackman et al., 2002) .
In the present study, it was found that the color of the bark increased significantly. In addition, HTC changes the chemical compositions of the grains, decreasing pH, solubility and modifying the electrophoretic profile of proteins (Ribeiro et al., 2005; Lima, 2013) .
The storage time allied to the packaging conditions and storage environment are the main causes of grain deterioration. An alternative to bean storage, keeping the cooking time with the lowest quality losses is cold storage (Morais et al., 2010) . The drawback of this type of storage is the high cost of equipment and the consumption of electric energy, thus making the practice impracticable on a commercial scale.
In grain storage, significant quality losses occur, especially in light-skinned beans, such as those of the Rio group. These losses mainly occur due to the darkening and hardening of the integument, increasing the cooking time and generating losses of nutritional quality of the beans. The color of the tegument is a limiting factor in the consumers' purchase of beans, since the color is associated with the storage and hardening time, thus, dark-colored grains suffer greater rejection (Silva, 2012; Lima, 2013) .
Another factor that affects the cooking time of the beans is the drying temperature of the beans shortly after harvest. When exposed for a long time, drying in full sun, drastically reduces humidity and water reabsorption hardly occurs, consequently the cooking time is prolonged (Silva, 2007; Mota, 2016) .
The water absorption capacity is related to bean quality, and grains that absorb more water tend to be easier to cook, a characteristic that is important at the moment of commercialization (Delfino et al., 2010) . Ganascini et al. (2014) , when evaluating the cooking time of bean varieties observed that the higher the grain water absorption percentage, the shorter the cooking time, thus reducing costs with energy expenditure for the preparation of the legume.
The hardening of the bean grains has been related to the action of the polyphenols, through the polymerization in the tegument or by the lignification of the cotyledons, both influencing the water absorption capacity of the grains, the first hinders the penetration of water and the second limits the capacity of water absorption (Moura, 1998; Lima, 2013) .
The darkening and hardening of the bean seed coat are related to enzymatic oxidation of peroxidase and polyphenol oxidase, which depend on the presence of oxygen to polymerize low molecular weight phenols into high molecular weight compounds which have a dark color (Lima, 2013) . Among the most important polyphenols, tannins deserve special mention, since they have the ability to interact with proteins, reducing protein digestibility and contributing to the formation of dark grain color (M. R. Silva & M. A. A. P. da Silva, 1999; Blair et al., 2006; Lima, 2013; Franco, 2015) .
Alternative for Crop Residues
Residues from bean processing have been a concern of large companies, since broken grains and broken grains are basically discarded in storage and processing units. Research has been carried out in search of alternatives for the destination and mainly use of these wastes.
In both the rice and bean processing, the generation of by-products such as "quirera" and "bandinha" occurs, which commercially are worth less than whole grains. Rice cherry is a byproduct resulting from the breaking of the grains at the moment of polishing, the bean band comes from the grain that broke the integument and divided the cotyledons (Castro et al., 1999) .
The main aspect to be considered are the ant nutritional factors present in the beans, making it necessary to use heat treatment before consumption, usually cooking. This heat treatment is used both domestically and industrially, increasing the digestibility by protein denaturation and gelatinization of the starch, in addition, inactive toxic substances. Another method used as heat treatment is extrusion, which promotes the gelatinization of the starch, resulting in great water absorption, allowing also the more extensive proteolysis and favoring the protein digestibility (Cardoso Filho, Ciacco, & Sgarbieri, 1993 , 1996 . Soares et al. (2011) emphasize that both beans and rice are important sources of carbohydrate and protein in the Brazilian people's diet, contributing about half of the energy and protein intake of the individuals. The authors also report that the major challenge of the industries is to develop convenience products, such as cereals and snacks of high nutritional value, to meet the needs of the population. With this in mind, the idea of developing extruded snack foods from rice and beans fragments (by-products) comes as an alternative, both to the use of residues and to alternatives to increase food. The extruded snacks were well accepted by the consumer, and the acceptance was higher when the content of rice flour was higher. The addition of bean paste flour made the snack more nutritious without raising the energy value.
The development of new food products with the use of rice and beans flour, with added nutritional and functional value, is increasingly being encouraged. The substitution of wheat flour for rice flour becomes interesting, considering the fact that Brazil is self-sufficient in rice production and a large importer of wheat. Another advantage of rice flour compared to wheat is the absence of gluten, making it an alternative for celiac people, intolerant to gluten (Silveira et al., 1981; Bottini, 2008) . However, the use of bean flour is advantageous because of the high fiber and protein content and low cost (Prolla, 2006) .
The substitution of 50% of wheat flour for rice bran flour and bean broth in different proportions in the manufacture of cakes, meet the requirements of the market, presenting technological properties, acceptability and stability comparable to that of the standard formulation. The mixture of these flours provides a nutritional complement and represents an interesting and viable alternative in the production of cakes for substitution of wheat flour. Another alternative is the biscuits produced from the mixed flour of rice and beans, which have the potential to serve the growing Brazilian market of ready-to-eat products, especially to the gluten-intolerant public (Bassinelo et al., 2010 (Bassinelo et al., , 2012 .
Another alternative for the use of bean residues has been in the feeding of animals, by the greater availability of food and nutrients and reduction in the costs of their creation. The supply of agro industrial waste can optimize economic and environmental gains, reducing the cost of food and minimizing the deposition of waste in the environment. Comparing residues from bean processing and processing with other protein sources conventionally used in ruminant feed, such as soybean meal, sunflower cake and cottonseed meal, bean residue is an alternative with nutritional potential for animal feed (Castro et al., 2015) .
By-products and residues resulting from the processing and/or processing of grains in general, are a promising alternative to the reduction of dairy herd costs. According to Magalhães et al. (2008) , with regard to residues from bean processing and processing, the issue is somewhat more complicated due to the low digestibility of the bean in nature. For this reason, the inclusion of bean residue in whole concentrate and corn silage diets for dairy cows resulted in reduced milk production, although it did not compromise the efficiency of food use. Therefore, it is suggested that new studies be done to evaluate the adequate inclusion levels of bean residue for lactating dairy cows.
Soybean meal is the main source of vegetable protein in diets for fish, cattle and pigs. Because it is a commodity, its price is strongly influenced by world demand, making its export at some times more advantageous to the detriment of the domestic market. This generates great oscillations of price and is often disadvantageous the use of this legume in the diet of the animals. Therefore, the search for protein sources in substitution of soybean meal is a viable strategy for the reduction of costs with the formulation of animal diets. Studies with alternative sources of protein for tilapia production are abundant; however, there are few previous studies on the use of Phaseolus vulgaris. Studies showing the inclusion of up to 6.2% of bean by-product flour for up to 45 days did not affect the performance and body composition of juveniles of Nile tilapia, and it was possible to increase bean residues in the diet (Azevedo et al., 2017) .
Conclusion
 In the beans production chain, the responsibility for the final quality product comes from the farmer, with the product still in the field, drying, store up to the final trader.
 Bean cultivation is 61% concentrated in only 6 countries. Consumption is not very expressive in developing countries; however, Brazil still needs to expand the culture to meet domestic demand and reduce the need for imports.
 The beans are an interesting nutritional composition food with beneficial health properties, reducing blood glucose levels, blood pressure and also have advantageous properties against cancer.
 The crop needs genetic improvement with cultivars less susceptible to color change, caused by the storage time of grains.
 To improve the efficiency and quality of the product during the storage, with implantations of new technologies. 
